It is common practice to mix opioids with hyperbaric bupivacaine in a single syringe before intrathecal injection of the mixture. Mixing these drugs may alter the density of the hyperbaric solution, affecting the spread of local anaesthetic and opioid. Forty-eight women having elective caesarean section under spinal anaesthesia were recruited to this double-blind, randomised trial. Group M (n=24) received 2 ml of 0.5% hyperbaric bupivacaine plus morphine 100 µg plus fentanyl 15 µg, mixed in a syringe prior to administration. Group S (n=24) received 2 ml of 0.5% bupivacaine through one syringe, followed by morphine 100 µg plus fentanyl 15 µg through a separate syringe. All patients received patient-controlled intravenous morphine for 24 hours postoperatively. Block characteristics, postoperative pain scores and morphine use were noted. The patients in Group M had higher levels of sensory block to cold than those in Group S (median T2 vs T3)(P=0.003). Five patients in Group M and none in Group S had a block to cold ≥T1 (P=0.02). There was no difference between groups in the incidence of hypotension, need for vasopressor or side-effects. Morphine consumption was significantly higher in group M (13.3±11.2 vs 6.2±7.2 mg, P=0.015). Mixing of fentanyl and morphine with hyperbaric bupivacaine results in a higher level of sensory block than sequential administration of bupivacaine then opioid and may be associated with higher postoperative opioid requirement.
Spinal anaesthesia from hyperbaric bupivacaine plus fentanyl and morphine is a commonly used technique for caesarean section. Subarachnoid hyperbaric bupivacaine injected in the sitting position prior to caesarean section is associated with a more predictable block, less hypotension and reduced need for vasopressor when compared with plain bupivacaine 1 . Opioids are used as adjuncts in spinal anaesthesia to improve intraoperative conditions or to provide postoperative analgesia. Intrathecal morphine added to bupivacaine provides good postoperative analgesia for up to 24 hours 2,3 . Compared with intravenous fentanyl, intrathecal fentanyl decreases visceral pain and improves the quality of block 4 . In an in vitro study, the mean densities of fentanyl and morphine were found to be 0.9957 and 1.0013 respectively, whereas the density of hyperbaric bupivacaine was 1.0262 5 . The mean density of cerebrospinal fluid (CSF) in term pregnant females is 1.00030 6 . Alterations in the baricity of a solution to the extent of 0.0006 g/ml -1 can alter the spread of local anaesthetic solution in CSF 7 . Thus the addition of opioids to local anaesthetic solution may alter the density of the mixture and affect the spread of local anaesthetic.
The change in density of morphine when mixed with other solutions may also affect the spread of morphine. Previous studies have shown that hypobaric morphine has a longer duration of action compared with morphine plus dextrose when used for thoracotomy 8 . Mixing morphine and hyperbaric bupivacaine together may alter the distribution of morphine and hence affect the duration of postoperative analgesia.
It is common practice to mix opioids with hyperbaric bupivacaine in a single syringe before injecting the mixture into the intrathecal compartment when providing spinal anaesthesia for caesarean section. This study was designed to test whether injecting opioids and hyperbaric bupivacaine into the intrathecal space using separate syringes, rather than in a single syringe, affects the sensory block height, the need for vasopressor, the need for additional analgesic supplementation during surgery and the postoperative analgesic requirements.
MeTHODS
After approval by the institutional review board and having given written informed consent, 48 American Society of Anesthesiologists score I and II subjects undergoing elective caesarean section under spinal anaesthesia were recruited to this double-blind, randomised controlled trial. exclusion criteria were bleeding disorders, hypertension, body mass index greater than 35, height less than 145 cm, gestational age less than 36 weeks and active labour.
All subjects were given 30 ml of 0.3 M sodium citrate 30 minutes prior to surgery. Subjects were randomised into two groups of 24 patients each, using a closed opaque envelope allocation technique. To ensure blinding, the anaesthetist involved in the assessment of the spinal block was not present in the operating theatre while the other anaesthetist prepared the drugs and performed the spinal anaesthetic. Spinal anaesthesia was performed in the sitting position using a 27-gauge Whitacre spinal needle (Becton Dickinson, nJ, uSA ) at either the L2-3 or L3-4 vertebral interspace.
The patients in the mixed group (group M) received 2 ml of 0.5% hyperbaric bupivacaine plus morphine 100 µg in 0.1 ml (drawn up in a 1 ml insulin syringe from an ampoule containing morphine 1 mg/ml) and fentanyl 15 µg (0.3 ml of fentanyl 50 µg/ml). These drugs were mixed in a single syringe prior to establishing spinal anaesthesia. In group S, patients received an identical total solution volume, consisting of 2 ml of 0.5% bupivacaine prepared in one syringe, followed by morphine 100 µg and fentanyl 15 µg mixed together within a separate syringe. All the drugs were injected over a period of 30 seconds, with less than five seconds between the change of syringes in group S. Patients were then placed in the supine position with a 15° left lateral table tilt and hydrated with 500 ml of lactated Ringer's solution. Sensory levels for the loss of cold and pinprick sensation were assessed at 1, 2.5, 5, 10, 15, 30, 60 and 90 minutes after injection. Motor block was assessed using a modified Bromage scale (0=no motor weakness, 1=inability to flex the hip, 2=inability to flex the knee, 3=inability to move the ankle). The highest level of the block to cold and pinprick and time to reach the highest level of block were noted. If the patient experienced intraoperative pain (verbal numerical rating score greater than 3 of 10), rescue analgesia with intravenous fentanyl 50 µg or nitrous oxide/oxygen (50:50) (entonox) inhalation was provided. If the block failed to reach T6 15 minutes after spinal injection, general anaesthesia was instituted. Blood pressure was measured non-invasively at 1, 2.5, 5, 7.5, 30, 60 and 90 minutes after spinal injection. Hypotension (defined as a 20% fall in the mean arterial pressure below baseline) was treated with boluses of intravenous (IV) phenylephrine 100 µg. Bradycardia (defined as a heart rate less than 50 beats per minute) was treated with IV atropine 0.6 mg. All patients received IV ondansetron 4 mg, dexamethasone 4 mg and metoclopramide 10 mg after delivery of the baby. Side-effects of nausea, vomiting, itching and shivering were noted up until 24 hours postoperatively. Postoperative analgesia was provided by morphine IV patient-controlled analgesia with demand bolus 1 mg, lockout interval five minutes and maximum hourly limit 10 mg. Patients did not receive any other analgesics in the first 24 hours. Postoperatively, pain was assessed with a 0 to 10 verbal numerical rating score and the dose of morphine used was noted four hourly.
The highest level of sensory block to ice was the primary outcome measure and the incidence of hypotension, the need for vasopressor, postoperative pain scores and postoperative morphine use were the secondary outcome measures. Our pilot study showed that 22 patients were needed in each group to detect a two-segment difference in sensory level with 90% power and an α-error of 0.05. All data were analysed with SPSS software version 14.0. Categorical data were analysed with chi-square test. The continuous data were analysed with a Mann-Whitney-u test for nonparametric data and a t-test for ratio and interval data. Continuous data were expressed as mean and standard deviation or median and range, as appropriate. A P value less than 0.05 was considered statistically significant.
ReSuLTS
A total of 48 patients were studied (24 patients per group). Demographic parameters such as age, height, weight and American Society of Anesthesiologists status were comparable between groups (Table 1) . One patient in group M failed to achieve a block to T6 and was hence excluded. One patient in each group needed intraoperative fentanyl and two patients in group S and one in group M received entonox.
There was a significant difference in the highest level of the sensory block to cold, this being median T2, range T4->T1 in group M compared with T3, T5-T1 in group S (P=0.003). Five patients in group M and one in group S had loss of cold at T1 or higher (P=0.02). There was no difference between groups in the degree of motor block, the time to reach the highest level of block, the time for two-segment regression of block or the time for block regression to T10 (Table 2 ). There was also no difference in the incidence of hypotension, bradycardia, nausea, vomiting, shivering, pruritus or the dose of Values expressed as median (range), mean ± SD or number (percentage). phenylephrine administered (Table 3) . Patients in group M had higher pain scores throughout the 24 hour period compared with group S (P=0.045) ( Figure 1 ). Mean patient-controlled analgesia morphine consumption across the 24-hour period was significantly greater in group M (13±11 mg) compared with group S (6±7 mg) (P=0.015) (Figure 2 ).
DISCuSSIOn
In this study we found that injection of morphine and fentanyl mixed with hyperbaric bupivacaine resulted in a higher level of block than if local anaesthetic and then the opioid mixture was given sequentially. Although we did not measure the density of the solutions, the reduction in the density of bupivacaine by mixing with opioid solution may explain this difference. In the sitting position, hypobaric bupivacaine has been shown to produce a higher level of block when compared with plain or hyperbaric bupivacaine, with extension to cervical dermatomes more likely 1 . However, in our study the highest level of sensory block differed by only one dermatome, which is probably of no clinical significance. In addition, there was no significant difference between groups in the incidence of hypotension or vasopressor requirement.
One of the major limitations of our study is that specific gravity of the drugs and CSF was not measured. Hare et al suggested a formula to calculate the density of a local anaesthetic and opioid mixture 9 : Density (mixture)=(D Local anaesthetic -D opioid )×Fractional Volume Anaesthetic+D Opioid . Based on this formula, the specific gravity of our mixed study solution was 1.01649, which is higher than 1.00030, the specific gravity of CSF in termpregnant patients. Previous case reports suggest that the calculated density values may not be very accurate and that the addition of fentanyl can alter spread, even when the mixture is hyperbaric 10, 11 . We presume that mixing opioids with hyperbaric bupivacaine may alter the density of solution and affect its distribution, even if the solution remains hyperbaric.
Cesur et al injected bupivacaine of two differing densities (plain and hyperbaric) sequentially and investigated the spread of spinal anaesthesia 12 . They noted that sequential injection of plain and hyperbaric bupivacaine reduced the incidence of hypotension and vasopressor requirement. In this study we used hyperbaric bupivacaine and (probably) a hypobaric opioid solution sequentially and noted a difference in the block height. A practical limitation of sequential intrathecal injection of solutions is possible spillage of the drug or movement of the spinal needle while changing syringes. We minimised this risk by changing the syringe quickly and none of the spinal anaesthetics in this group failed. Cesur et al also demonstrated successful use of a sequential injection approach without technical failure 12 .
Many factors contribute to the spread and action of anaesthetic solutions in vivo. These include temperature, patient position after the spinal injection and the pH of the mixture. Administering bupivacaine and the opioids separately may minimise the effects of changes in density and pH. We did not measure the temperature of the study drugs and used drugs stored at the operating room temperature. Previous studies suggest that density does not change within the temperature range of 23 to 37°C, though viscosity can vary 13 .
Parlow et al studied the effect of mixing opioids with local anaesthetic solution in an in vitro model. They found that mixing fentanyl with hyperbaric bupivacaine did not affect spread, whereas mixing it with isobaric bupivacaine reversed the direction of spread 5 . This study can not be directly extrapolated to the clinical situation because the anatomical configuration of the spinal column was not considered and the density of the simulated CSF solution was 0.9962 (at 37°C), a value below the density of CSF (1.00030) in term pregnant women. 
